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ABSTRACT 

An assessment of the nature and extent of flooding and flood hazards for a range of design 
floods in the City of Dubbo which is located on the banks of the Macquarie River in central 
New South Wales, Australia has been ongoing since 2007.  The study area included the 
floodplains of the Macquarie River and the lower Talbragar River located around 6 km north 
of Dubbo.  Located upstream of Dubbo, the major Burrendong Dam was commissioned in 
1965 and it has affected the flood behaviour of the Macquarie River downstream of the dam. 
In 2015 additional assessments were undertaken of the flow gauging record at Station 
421001 Macquarie River at Dubbo. These included the review of 44 rating tables, flow 
gaugings and flood frequency analysis at the gauging station.  A number of Pre-Dam and 
Post-Dam annual peak flow scenarios were also assembled and subjected to Bayesian flood 
frequency analysis.  These assessments are described. 
From 2019-2021 as part of the ongoing review of the Macquarie River floodplain model to 
inform the design of a new bridge crossing in Dubbo, various assessments of peak flows at 
Station 421042 Elong Elong gauge on the Talbragr River and at the confluence with the 
Macquarie River were undertaken.  This included Bayesian flood frequency analysis at the 
Elong Elong gauge and quantifying the sensitivity of the peak flows at the confluence to the 
lag time between the Elong Elong gauge and the Macquarie River confluence.   
It is concluded that the additional assessments further refine the flow estimation in the 
Macquarie River and the Talbragar River and the flood risks faced by the Dubbo community 
and will better inform planning and development decisions. 

INTRODUCTION 

In 2012 a flood study was undertaken to define the nature and extent of flooding and flood hazards for 
a range of design floods in the City of Dubbo which is located on the banks of the Macquarie River in 
central New South Wales, Australia.  The study area included the floodplains of the Macquarie River 
and the lower Talbragar River located around 6 km north of Dubbo (see Figure 1).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Rivers and Creeks flowing to the Study Area (after Cardno, 2012) 

 

The 2012  assessments were described in part as follows (Cardno, 2012): 

Estimation of flood discharges was undertaken by a combination of flood frequency analysis 
and hydrological modelling.  Flood frequency analysis was undertaken for the Macquarie 
River at Dubbo, for the post-Burrendong Dam scenario.  Burrendong Dam was commissioned 
in 1965 and it has affected the flood behaviour of the Macquarie River, so that analyses of pre-
1965 data are not directly relevant.  The flood frequency analysis was updated to included 
stream gauging data up until 2006, and estimates of the magnitude of flood peaks for design 
rainfall events were updated.  

Estimates of flood discharges for the Talbragar River, and for the minor tributaries within the 
study area, were derived using rainfall-runoff modelling.  In the case of the Talbragar River the 
modelling was based on modelling undertaken for a previous study (Rust-PPK, 1995). 

The other major component of the study was the establishment, calibration and running of a 2-
dimensional hydrodynamic model for the study area.  This model was developed using aerial 
laser survey (ALS) data provided by Dubbo City Council for the city area.  The model covers 
approximately 194 square kilometres and contains over 2 million cells.  The cell size varied 
with a finer grid being used in the Dubbo CBD. 

The hydrodynamic model was calibrated against observed flood levels from a flood in August 
1990.  Good agreement was obtained, with most of the calculated flood levels being generally 
within ±0.1 metre of the observed level. 

 



The hydrodynamic model was also adjusted back to historical conditions and run to represent 
the February 1955 flood.  Only limited data are available for this event and the accuracy of 
some of the flood level observations is uncertain.  However, it is considered that the model 
satisfactorily reproduced the major features of the flood. 

The calibrated model was then used to update flood level predictions for a range of flood level 
predictions for design rainfall events with Annual Exceedance Probabilities (AEP’s) of 0.5%, 
1%, 2%, 5% and 10%, as well as for selected extreme flood cases. 

Historical evidence indicates that the flood behaviour in the study area depends on the relative 
timing of flows in the Macquarie River and Talbragar River.  Accordingly, the sensitivity of the 
flood results to this timing was examined by running different design event scenarios based on 
interpretation of the historical observations. 

MACQUARIE RIVER FLOOD FREQUENCY ANALYSIS 

In May 2015 additional assessments were undertaken including the review of 44 rating tables, flow 
gaugings and flood frequency analysis at Station 421001 Macquarie River at Dubbo.  These 
assessments are overviewed as follows. 

As described in Cardno, 2012: 

Over 100 years of flood data are available from the composite record at Dubbo, represented by 
the Pumping Station (Town) Gauge No. 421001.  Additional data are also available for some of 
the gauging stations on the Macquarie River and its tributaries.  However, the focus of this 
study is on Dubbo and its immediate surrounds, and updating of flood frequency analyses at 
other gauging stations was outside the scope of this Study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Location of Dubbo Pumping Station (PS) Gauge No. 421001 and estimated 1955 Flood 
Extent and Levels (m AHD). (after Cardno, 2019) 



2007 Flood Frequency Analysis 

As described in Cardno, 2012: 

A flood frequency analysis for the Macquarie River at Dubbo was previously undertaken for the 
1988 Dubbo Flood Study Report DWR, (1988).  Because the completion of Burrendong Dam 
has had a significant effect on flood behaviour, the analysis was done by routing the recorded 
floods through the Dam using the Department's adopted gate operation procedures. 

An additional 29 years of post-dam data are now available at the Dubbo Pumping Station (PS) 
gauge, more than doubling the available data for the post-dam scenario.  Accordingly, it was 
decided to update the flood frequency flood frequency analyses.  Details of the update are given 
in Appendix C (refer Cardno, 2012). 

Significant floods have occurred in the Macquarie River upstream of Burrendong Dam, for 
example that of August 1998, but they have not necessarily caused flooding downstream of the 
dam. 

The additional flood frequency analysis has led to revision of the estimated frequency of the 
historical floods, and also to a revision of the estimated Macquarie River discharge for floods 
of specified AEP.   

The flood frequency analysis reported in Cardno, 2012 included gauge data at Station 421001 
Macquarie River at Dubbo available up to and including 2006. 

2015 Flood Frequency Analysis 

Based on the occurrence of a major flood in December 2010 and additional available data, the flood 
frequency analysis was updated to include the additional eight years 2007 to 2014 in the annual series 
of peak gauge levels and flows for Dubbo.  As described in Section 3.2 of the Discussion Paper 
attached in Appendix C of Cardno, 2019, the aims of the 2016 assessments at the gauge at Station 
421001 Macquarie River at Dubbo included to: 

• Update flood frequency analysis of flows to include readings from 2007 – 2014 inclusive; and 

• Quantify sensitivity of peak flows to the rating table. 

Flood frequency analysis was not undertaken for the Talbragar River but instead design hydrographs 
were based on hydrological modelling.  

A separate flood frequency analysis was undertaken using the Bayesian approach (FLIKE) which was 
proposed in Chapter 2 At-Site Flood Frequency Analysis of draft Book 3 Peak Discharge Estimation 
of the updated version of Australian Rainfall & Runoff.  Three censoring scenarios were adopted as 
follows: 

• Scenario E0 – No censoring;  

• Scenario E1 – One occurrence in previous 95 years greater than a threshold flow; and 

• Scenario E3 – Three occurrences in previous 95 years greater than a threshold flow. 

The FLIKE flood frequency flows are compared with the design peak discharges adopted at the 
Dubbo Pump Station gauge (refer Table 4(b) in the 2012 Cardno report) in Table 1. 

Table 1   Comparison of 2015 Post-Dam Flood Frequency Flows (m3/s) and  
2012 Revised Design Flows at the gauge at Station 421001 Macquarie River at Dubbo 

AEP 2015 FLIKE Post-Dam Scenario Cardno, 2012 

(1 in X) E0 E1 E3 Table 4(b) & 
Table C.2 

10 784 773 822      820 
20 1,329 1,314 1,431 1,360 
50 2,524 2,503 2,816 2,500 
100 3,980 3,959 4,564 3,820 
200 6,158 6,147 7,263 5,700 

 



It was concluded that (refer Section 3.2, Appendix C of Cardno, 2019): 

• Extending the period of record from 2006 to 2014 slightly increased the estimated 100 yr ARI 
peak flow under Post-Dam conditions (based on LPIII analysis using the 2007 rating table); 

• The adoption of the 2013 rating table lowers the flood frequency curve; 

• The ARR2015 FLIKE assessment gave curves which were slightly higher than the ARR1999 
LPIII analysis; 

• The ARR1999 LPIII analysis of the extended annual record (based on the 2007 rating table) 
is very similar to the ARR2015 FLIKE analysis of the extended annual record (based on the 
2013 rating table); 

• In relation to the ARR2015 FLIKE analyses the rating table has a greater impact on the 
estimated 100 yr ARI peak flow than the inclusion of 1 or 3 synthetic historical exceedances; 

• The 100 yr ARI design peak inflow adopted in the 2012 study is slightly lower than the range 
of 100 yr ARI peak flows estimated under Scenarios E0, E1 and E3 but is well within the 
confidence limits; 

• The 200 yr ARI design peak flow adopted in the 2012 study is lower than the range of 100 yr 
ARI peak flows estimated under Scenarios E0, E1 and E3 but is well within the confidence 
limits. 

2016 Flood Frequency Analysis 

A peer review of the 2015 flood frequency analysis resulted in a further review of rating tables, flow 
gaugings and the flood frequency analysis at the gauge at Station 421001 Macquarie River at Dubbo. 

Rating Tables 

The review found that 44 rating tables were applied at the Station 421001 Macquarie River at Dubbo 
gauge over various periods. Rating Table 1 also applied to the period 1885 – 1900.  For the maximum 
gauge height of 9.12 m recorded in 1886 and depending on the selected rating table, the calculated 
peak discharge at the gauge would vary from 768 m3/s up to 1,642 m3/s.  It was also clear that there 
was a step change in the estimated peak flow from Rating Table 12 (1 July 1943) onwards. 

The results of hydraulic modelling of the Macquarie River and its floodplain over a range of flood 
events can be also used to create a stage-discharge rating curve at the gauge at Station 421001 
Macquarie River at Dubbo.  Figure 3 compares Rating Curve No. 200 with the rising and falling limbs 
of the 1% AEP flood, 0.5% AEP flood and PMF simulations.  

Curves fitted by eye to the hydraulic modelling results are also plotted. The first curve by eye was 
fitted in late March 2016.  The adjusted curve by eye was fitted in June 2016.  The adjustment is 
primarily in the higher stages > 16 m gauge height.  The direction of the rising and falling limb of the 
0.5% AEP and PMF is also indicated. 

Flood Frequency Analysis 

A number of Pre-Dam and Post-Dam annual peak flow scenarios were assembled as follows: 

Pre-Dam Scenarios (PR1, PR2, PR3, PR4, PR5) 

PR1 The annual peak flows are based on the applicable rating table for each year.  Where 
multiple tables operated in a year then the lowest estimated peak flow was adopted. 

PR2 The annual peak flows are based on the applicable rating table for each year.  Where 
multiple tables operated in a year then the highest estimated peak flow was adopted. 

PR3 It was determined that in the 2007 assessment the Pre-Dam peak flows were obtained 
from Rating Table 100.  These annual peak flows were obtained from Rating Table 100 
without any censoring of low values  

PR4 These annual peak flows were obtained from the current rating table (Rating Table 200) 
without any censoring of low values 

PR5 The annual peak flow were obtained by applying the rating curve fitted by eye to the 
modelling results 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Comparison of 2013 Rating Curve (No. 200) and stage-discharge variations during 
1% AEP flood, 0.5% AEP flood and Probable Maximum Flood (PMF) simulations. 

Post-Dam Scenarios (PO1, PO2, PO3, PO4, PO5) 

PO1 The annual peak flows are based on the applicable rating table for each year.  Where 
multiple tables operated in a year then the lowest estimated peak flow was adopted. 

PO2 The annual peak flows are based on the applicable rating table for each year.  Where 
multiple tables operated in a year then the highest estimated peak flow was adopted. 

PO3 It was determined that in the 2007 assessment the Post-Dam peak flows were obtained 
from Rating Table 175.01.  These annual peak flows were obtained from Rating Table 
175.01 without any adjustments to peak flows eg. August 1990 

PO4 These annual peak flows were obtained from the current rating table (Rating Table 200) 
without any adjustments to peak flows eg. August 1990 

PO5 The annual peak flow were obtained by applying the rating curve fitted by eye to the 
modelling results) 

A further scenario was added: 

PO4A This scenario is based on Scenario PO4 data except the peak flow for 1990 was increased 
to 2,320 m3/s based on the gauged flow of 2,177 m3/s at a gauge height close to but lower 
than the maximum recorded gauge height. 

A FLIKE assessment of each of the various PR and PO annual peak flow scenarios was undertaken.  
The PR4 and POA4 FFAs were also correlated to calculate the equivalent Post-Dam peak flows for 
the three highest flow events prior to 1965 and an analysis of the PO4A annual peak flows based on 
three censoring scenarios was undertaken. 

Based on peer review of the results of the assessment of three censoring scenarios the suitability of E0 
for use was confirmed. 

The peak flows estimated by flood frequency analyses undertaken in 2007, 2015 and 2016 at the 
gauge at Station 421001 Macquarie River at Dubbo are given in Table 2. 



Table 2   Comparison of 2015, 2016 Post-Dam Flood Frequency Flows (m3/s) and  
2012 Revised Design Flows at the gauge at Station 421001 Macquarie River at Dubbo. 

AEP Cardno, 2012 FLIKE Post-Dam FFA 

(1 in X) (%) Table 4(b) & Table C.2 2015 E0 2016 (PO4A) E0 

10 10% 820 784 790 

20 5% 1,360 1,329 1,343 

50 2% 2,500 2,524 2,557 

100 1% 3,820 3,980 4,037 

200 0.50% 5,700 6,158 6,255 

TALBRAGAR RIVER FLOOD FREQUENCY ANALYSIS 

2019 Hydrological and Flood frequency Analysis 

In 2019 as part of the ongoing review of the Macquarie River floodplain model to inform the design 
of a new bridge crossing in Dubbo, various assessments of peak flows at Station 421042 Elong Elong 
gauge on the Talbragar River (see Figure 4) and at the confluence with the Macquarie River were 
undertaken.  This included Bayesian flood frequency analysis at the Elong Elong gauge and 
quantifying the sensitivity of the peak flows at the confluence to the lag time between the Elong Elong 
gauge and the Macquarie River confluence.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Stream Gauge Locations 

421042 



 

A series of assessments of peak flows in the Talbragar River at Station 421042 and at the confluence 
with the Macquarie River were undertaken as follows. 

• XP-RAFTS modelling based on ARR1987 IFD with ARI dependent Initial Losses (Case R1) 

• XP-RAFTS modelling based on ARR1987 IFD with a constant Initial Loss (Case R2) 

• Regional Flood Frequency Estimates based on ARR2016 (noting that the catchment area 
exceeds the are limit for the method) 

• FLIKE (ARR2016) analysis of annual peak flows recorded at Elong Elong from 1970 to 2013 
inclusive – E1 represented the  inclusion of one (1) exceedance of 2,300 m3/s in the preceding 
100-year period – the peak flow was reported by RustPPK, 1999 as a value calculated from 
observations at the nearby Station 421037 Narranmore during the 1955 flood.  GEV and LPIII 
distributions were assessed. 

• XP-RAFTS modelling based on ARR2016 IFD with ARI dependent storm burst Initial Losses 
+ Continuing Loss = 1.5 mm/h (Case R3) 

• XP-RAFTS modelling based on ARR2016 IFD with ARI dependent storm burst Initial Losses 
+ Continuing Loss = 5.5 mm/h (Case R4) 

The peak flows determined at the Elong Elong Gauge (Station 421024) from Flood Frequenecy 
Analysis and hydrological modelling are compared in Figure 5. 

The following observations are made in relation to the various results: 

• ARR2016 gives a shorter critical storm burst duration (9 hrs for CL = 5.5 mm/h) in 
comparison with the 18 hrs critical storm burst duration adopted until 2019 based on 
ARR1987 IFD and by RustPPK, 1999; 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  2019 Comparison of FFA and Peak Flows from Hydrological Modelling  
at the Elong Gauge (Station 421024) 



• The Log Pearson III distribution gives more reliable flood frequency estimates than the GEV 
distribution; 

• All methods give higher peak flows at the Elong Elong gauge than calculated by the FFA; 

• The RustPPK, 1999 and XP-RAFTS Case R1 fitted the slope of the FFA curve the best noting 
that all estimated flows are higher than the FFA curve; 

• The peak flows (XP-RAFTS Case R2) adopted in the 2018 update were highly conservative; 

• The peak flows based on XP-RAFTS Case R4 are lower than the peak flows adopted in 2019 
but remain highly conservative; 

• While under historical floods there is a 20% - 30% increase in the peak flow between the 
Elong Elong gauge and the Talbragar River confluence this same increase was not observed 
under the design floods.  Under design floods the increase was only 4%-6 %. 

It was further noted that the lag time in the XP-RAFTS model between Node TA10a (Elong Elong 
gauge) and Node TA1 (confluence) is around 11 hours.  In the case of the 2010 flood the estimated 
lag time was around 24 hours.   

2021 Talbragar River Assessments 

To test the sensitivity of the estimated peak flows to lag time, in the 2021 assessment the lag times for 
all links in the XP-RAFTS model were adjusted such that the lag time from Node TA10a (close to the 
Elong Elong gauge) to TA1 (at the confluence with the Macquarie River) is 24 hours.  

Cases R1 and R4 were re-anaylsed using the adjusted XP-RAFTS model. It was noted that at 
Node TA1 the differences between the 6 hour storm burst and 18 hour storm burst peak flows are less 
than 2.5%.  

Case R5 was Case R2 with different rainfall losses.  

The peak flows determined at the Elong Elong Gauge (Station 421024) from the 2021 modelling are 
compared in Figure 6.  It was found that the adjusted lag time gave peak flows at the Talbragar River 
confluence which are 26% - 38% lower than adopted in 2019. 

 
Figure 6.  2021 Comparison of FFA and Peak Flows from Hydrological Modelling  

at the Elong Elong Gauge (Station 421024) 



 
 

Case R2 was based on a constant Initial Loss (10 mm), constant Continuing Loss (5.5 mm/h) and 
6 hour and 18 hour storm burst durations. It was found that the adjusted lag time gave peak flows at 
the Talbragar River confluence which are 16% - 23% lower than adopted in the 2019 study. 

Case R5 was based on a constant Initial Loss (16.5 mm), constant Continuing Loss (5.5 mm/h) and 
6 hour and 18 hour storm burst durations.  It was found that at TA1 the differences between the 6 hour 
storm burst and 18 hour storm burst peak flows vary from 6% (5 yr ARI) to 2% (10 yr ARI).  The 
comparison of the peak flows at the Talbragar River confluence (Node TA1) was as follows. 

 

 
Original Lag Times Adjusted Lag Times 

ARI 
Peak 
Flow  

Burst 
Duration 

Peak 
Flow  

Burst 
Duration 

(yrs) (m3/s) (hrs) (m3/s) (hrs) 
5 1,318 18 853 6 
10 1,717 18 1,142 6 
20 2,347 18 1,597 18 
50 3,068 18 2,155 18 
100 3,851 18 2,730 18 

It was found that the adjusted lag time gave peak flows at the Talbragar River confluence which are 
29% - 35% lower than adopted in the 2019 study. 

The following observations were made in relation to the various results: 

• For the 1955 flood the estimated peak flow at the Elong Elong gauge is in better agreement 
with the peak flow estimated at Narranmoore albeit it is lower; 

• For the 1990 flood the estimated peak flows at Nodes TA10a and TA1 is in better agreement 
with the Elong Elong gauge; 

• All methods continue give higher design peak flows at the Elong Elong gauge than calculated 
by the FFA but the peak flows are closer to the frequency curve than the peak flows adopted 
in the 2012 study; 

• The RustPPK, 1999 and XP-RAFTS Case R1 fit the slope of the FFA curve the best noting 
that all estimated flows are higher than the FFA curve; 

• The peak flows based on XP-RAFTS Case R4 are comparable to Case R1 for the 50 yr ARI 
and 100 yr ARI events but diverge from Case R1 for the 5, 10 and 20 yr ARI events. 

• The peak flows based on XP-RAFTS Case R5 are lower than Case R4 but remain higher than 
for the 20 yr, 10 yr and 5 yr ARI events under Case R1. 

Based on the various assessment it was decided in 2021 that the hydrological modelling of the 
Talbragar River catchment and of local catchments would be based on the following adjustments of 
the 2012/2019 hydrological models: 

• Hydrological models of the 1955 and 1990 floods – adjust the lag times for the Talbragar 
River only; 

• Hydrological model for design flood estimation be based on: 
- Adjusting the lag times for the Talbragar River; 
- Retaining ARR1987 for consistency with the 2012 and 2019 assessments; 
- Adopting an initial loss = 16.5 mm and a continuing loss = 5.5 mm/h 
- Retaining the 18 hour storm burst duration for all design events up to the 200 yr ARI 

event. 



HISTORICAL FLOODS 

Based on the outcomes of the Talbragar River assessments the historical floods were re-run and the 
updated comparison of observed historical flood levels with the March 2021 re-runs of the 1955, 1990 
and 2010 floods is given in Table 3. 

Table 3.  Comparison of Observed and Predicted Historical Flood levels 

 



 

In the case of the 1955 flood there were four low outliers and a high outlier in 2018 run. The 2021 re-
run eliminated two of the low outliers.  The latest estimated 1955 flood levels are similar to the flood 
levels estimated at the flood marks in 2018. 

In the case of the 1990 flood there are two low outliers which is similar to the 2018 run.  The latest 
estimated 1990 flood levels are a slightly closer match to the observed flood levels than the flood 
levels estimated in 2018. 

In the case of the 2010 flood there are two low outliers and a high outlier which is similar to the 2018 
run.  The latest estimated 2010 flood levels are close to the flood levels estimated at the flood marks 
in 2018. 

CONCLUSIONS 

In 2012 a draft flood study was undertaken to define the nature and extent of flooding and flood 
hazards for a range of design floods in the City of Dubbo.  In May 2015 additional assessments were 
undertaken including the review of 44 rating tables, flow gaugings and flood frequency analysis at 
Station 421001 Macquarie River at Dubbo.  In 2015 additional assessments were undertaken of the 
flow gauging record at Station 421001 Macquarie River at Dubbo. These included the review of 44 
rating tables, flow gaugings and flood frequency analysis at the gauging station.  A number of Pre-
Dam and Post-Dam annual peak flow scenarios were also assembled and subjected to Bayesian flood 
frequency analysis. 

From 2019-2021 as part of the ongoing review of the Macquarie River floodplain model to inform the 
design of a new bridge crossing in Dubbo, various assessments of peak flows at Station 421042 Elong 
Elong gauge on the Talbragr River and at the confluence with the Macquarie River were undertaken.  
This included Bayesian flood frequency analysis at the Elong Elong gauge and quantifying the 
sensitivity of the peak flows at the confluence to the lag time between the Elong Elong gauge and the 
Macquarie River confluence.   

It is concluded that the additional assessments further refine the flow estimation in the Macquarie 
River and the Talbragar River and the flood risks faced by the Dubbo community and will better 
inform planning and development decisions. 
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